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Dsscriptioii 

This invention relates to supported and promoted catalysts containing a sulphide of trivalent 
chromium. increasingly turning to heavy crudes, resids. coal and tar sands as sources 

for iSure^fSdSSks. Feed^toclcs derived from these heavy materials contain more sulphur and n^ogen 
Sanfeedstocks derived from more conventional crude oils. These feeds therefore require a considerabe 
SSSunt o?SS?radTng^n order to obtain usable products therefrom, such upgrading or reflning generally 
S3Sra<?omplShSV hydrotreating processes which are well-laiown •"J^e P«ro^um Indujo^^^ 

w These processes require the treating with hydrogen of various hydrocarbon fractoons. or whol^^^^^^^ 
feeds or feedstocks, in the presence of hydrotreating catalysts to effect conversion of at least a portion of 
Se feei or SedSocks to lower molecular weight hydrocarbons, or to effect the removal of unwanted 
wm^Snte or compounds, or their conversion to innocuous or 1^ "Sn^^'L^Td^lffe 
hkrdrrtreatihg may be applied to a variety of feedstocks, e.g., solvents, light, middle, or heavy distil^ 

IS feeSi S residuS feeds, or fuels. In hydrotreating relatively light feeds, the feeds are boated with 
M?ogen often to improU odor, color, stability, combustion c^aracteristi^, and the H^^^^^ 
hydrocarbons are hydrogenated. Sulfur and nitrogen are removed in such treatments. In the 
5K?eSr-.zation (HDS^f heavier feedstocks, or residua, the sulfur ^^^^ 

wactod Carbon-sulfur bonds are broken, and the sulfur for the most part is converted to hydrogen sulfide 
20 X??sS?overa?^a gas from the process. Hydr«^ 

accompanies hydrodesulfurlzation reactions. In the hydroden.trogenatlon of h^vie-r feed^ocks, or 
resklua the nitrogen compounds are hydrogenated and cracked. Carbon-nitrogen bonds are broken, and 
SI nKn Averted to ammonia and evolved from the process. Hydrod 

Sso geS^Sly aSTompanies hydrodenitrogenation reactions. In the hydradesuifunzation of relatively heavy 
SedSs? emThasis Is on the removal of sulfur from the feedstock. In «'«J'Vd™dej^g«™ab^^ 
relatively heavy feedstocks emphasis is on the removal of nitrogen from the feedstock. Albe^ 
Sdrode^uJun^tion and hydrodenitrogenation reactions generally oaur togetiier, it '» "^uaity fa^more 
dHficult to achieve effective hydrodenitrogenation of feedstocks than Mrodesulfun^tion^ feecte^^ 

Catelyst precursore most commonly used for tinese hydrotreating 'aactions include mrtejls s^^ 
cobalt molybdate on alumina, nickel on alumina, cobalt molybdate pronrioted ^'J^ "'ctel. mck^^^ 
etc Also It is well-known to those skilled in the art to use certain transition metal sulfides such as cobalt 
Sid mSbdenum sulfides and mixtures thereof to upgrade oils containing sulfur and "rtrogen <»mp«unds 
bv caSvtically removing such compounds in tiie presence of hydrogen, which proc^ are col actively 
L^aVffifraating^or hydrorefining processes, it being understood that hyjror^ning also -ncludg 
some hydrogenation of aromatic and unsaturated aliphatic hydrocariDons. T]^"^' • 
dSosM the use of molybdenum sulfide for hydrodesulfurizina gas oil and U.S. 3'^^'"5d.sclos^^^^ 
use of molybdenum sulfide for hydrorefining sulfur and nitrogen-containing hydrocarbon oils. U.S. 
2715603, diSoses the use of molybdenum sulfide as a catalyst for the hydrogenation of heavy oils. 
MolSnunTand tungsten sulfides have other uses as catalysts in reactions such as hydrogenation, 

" "'t gS^ral! w^SSJn^f and other transition metal sulfide catalysts as well as ^«-thej^of 
catalvste higher catalyst surface areas result in more active catalysts than similar cataly^ wrth lower 
SfareLs ThS those skilled In tiie art are constantly trying to achieve ^telys.s *« h^eh^^^^^ 
surface areas. More recently, it has been disclosed in U.S. Patent Nos. 4,243,553, and 4^43,554 that 
Sb^num sulfide catalyst of relatively high surface area may be obtained by tiiemiaily decomposing 
SKed Siomolybdrte sate at temperatures ranging from 30O-80C«: in the presence of essentially 
SiSrJfree a^ospheres. Suitable atmospheres are disclosed as consisting of argon, a vacuum, nitrogen 
2S hydrogen. In U.S. 4,243,554 an ammonium tiiiomolybdate salt is decomposed by heating at a rrte n 
SJesJ of 15^: per minute, whereas In U.S. 4,243,553, a substltojted ammonhjm thiomolybdate salt s 
Slly decomposed at a very slow heating rate of from about 0.5 to 2'Cymln. The P^^s^eidisdosed in 
SLTpatents are claimed to produce molybdenum disulfide catalysts having superior propertiw for water 
flas shm and methanation reactions and for catalyzed hydrogenation or hydrotreating reactions. 
^ SSvSs comprising molybdenum sulfide In combination witi, otiier metal sulfid^ alw toow^ 
Thus U S^Patent No. 2,891,003 discloses an iron-chromium combination °'?f f 

fractions- U.S. 3,116,234 discloses Cr-Mo and also iVio with Fe and/or Or and/or Nl for HDS; U.S. 3,266,615 
Sosi'cr-Mo for HOH and HDS; U.S. 3,245,903 discloses Fe-iWo and F^o-Mo for lube oil rrfln.^^^^^ 
3459 656 discloses Nl-Co-iVio for HDS; U.S. 4,108,761 discloses Fe-NI-iVIo for HDN and U.S. 4,17U58 

''"Sin^Si;re?a;es?o%^^^^ 

mixture of a sulfide of (I) trivalent chromium, (ii) molybdenum and/or tungsten, and (ill) at "east one metti 
Sedfrom (a) Nl, Co, Mn, Cu, Zn, (b) a mixture thereof and (c) a mixture thereof wrtt, Fe, the supported 
SSfes Spared by such process and to the use of such supported catalysts for hydroprocessing 
SserparSia Vhydrotreatlng. Thus, the catalytic metals present in a catalyst of this invention mu« 
Ke leaSr^^^^^^^ They are (i) trivalent chromium, (11) m. W or mixture ttiereof and (iiO at least 
66 one of said promoter metals. 
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More particularly, this invention relates to the preparation and use of supported catalysts useful for 
hydroprocesslng processes such as hydrotreating wherein said catalysts are formed by heating, at elevated 
temperature, in the presence of sulfur and under oxygen-free conditions, a composite of a support material 
and one or more precursors comprising a mixture of (i) a hydrated oxide of trivalent chromium and (n) a 

5 thiometallate salt of the general formula (ML)(MOyWi-yS4) wherein M is one or more divalent promoter 
metals selected from (a) Ni, Co, m, Cu, Zn, (b) a mixture thereof and (c) a mixture thereof with Fe, wherein 
y is any value ranging from 0 to 1, and wherein L is one or more, neutral, nitrogen-containing ligands at 
least one of which is a chelating polydentate ligand. The total denticity of said ligands will generally be 
about six. Since M can be a mixture of E and at least one additional promoter metal, it will be appreciated 

fo that if the supported catalyst species of this invention contains iron, then at least one additional promoter 

metal must also be present. ........ ^-^ ^ . 

In a prefen^ embodiment ligand L will have a denticity of six and will be three bidentate or two 
tridentate chelating amines and the oxygen-free conditions will comprise a gaseous mixture of hydrogen 
and hydrogen sulfide. Some of the catalysts of this invention have hydrotreating or hydrorefining activities 
rs substantially greater than that of conventional hydrotreating catalysts such as those prepared from cobalt 
molybdate on alumina, even tiiough their surface areas are not as high. . ^ ^ , *u 

Hydroprocesslng catalyst is meant to Include catalysts useful for any process that is earned out in the 
presence of hydrogen, including, but not limited to, hydrocracking, hydrodenitrogenation, 
hydrodesulfuriration, hydrogenation of aromatic and aliphatic unsaturated hydrocarbons, methanation, 
20 water gas shift reactions, etc. These reactions include hydrotrating and hydrorefining reactions, the 
difference generally being thought of as more of a difference in degree than in kind, with hydrotreating 
conditions being more severe than hydrorefining conditions. ^^^^^„ tu« 

The precise nature and composition of the catalyst species that is fomned as a result of heating the 
composite of precursor and support material in tiie presence of sulfur and under oxygen-free conditions is 
25 not known. However, the composition of the corresponding unsupported, bulk catalyst species is known. 
Unlike tiiat of tiie present invention, however, the unsupported, bulk catalysts differ from the 
supported catalyst species defined herein In that the catahrst species of this invention achieve superior 
utilization of the catalytic material. . . 

The corresponding bulk, unsupported catalyst species are unique in ttiat they compnse a mixture onu 
30 a sulfide of at least one promoter metal selected from (a) Ni, Co, Mn, Cu, Zn (b) a mixture thereof and (c) a 
mixture thereof with Fe, (11) amorphous sulfide of trivalent chromium and (iii) microcrystallites of metal 
sulfide of a metal selected from a molybdenum, tungsten and a mixture thereof. 

Electron microscope and other analytical techniques have revealed tiiat the size of the molybdenum 
and/or tungsten microcrystallites present in the corresponding bulk, unsupported catalyst species wiH 
35 generally have dimensions 'less than about 0.1 microns (urn) by 0.01 /riicrons (|im). In a preferred 
embodiment the microcrystallite sizes will be less tiian about 0.05 microns (^m) by 0.01 microns {\im) and 
still more preferably less than 0.015 microns im) by 0.005 microns (urn). 

The bulk, unsupported species referred to above were analyzed using X-ray diffraction (XRD). Those 
skilled in the art are well-acquainted with this technique in which a monochromatic X-ray beam impinges 
40 on the sample. Samples of the catalysts were ground to a fine powder and packed into an aluminum tray 
with a cylindrical recess 25 mm in diameter and 1 mm in depth. The top surface of tiie sample was flat and 
co-planar witii the top of the aluminium tray after this preparation. Measurements were made in ambient 
atmosphere using a Siemens D500 X-ray diffractometer in 0-26 reflection (Bragg-Bremano) geometry 
The incident X-ray beam was taken from a fixed anode copper target with a wavelength of t.54178 A 
45 (lA^IO"" m). The diffracted beams were monochromated using a graphite monochromater to minimize 
fluorescence and were detected using a proportional counter detector. Data were collected by stepping the 
detector in angular increments of 0.02* 29 and counting at each step for two seconds. 

The corresponding bulk, unsupported catalyst species used as hydrotreating catalysts were analyzed 
using XRD both fresh, that is right after formation, and after being on stream for three days. There was no 
^ discemable difference in the X-ray diffraction patterns between the fresh and used catalysts. The diffraction 
patterns obtained were consistent with MoSj microcrystallites of the size observed by the ©'©^on 
microscope. The X-ray diffraction patterns all contained a broad peak between approximately 10 and 15" 26 
which is indicative of stacks of iVioS^ crystallites with a stack number of about 4. There was no evidence In 
the X-ray diffraction (XRD) pattern for any crystalline chromium sulfide phase. 

Bulk, unsupported catalyst species were examined in an electron microscope having a 4A (4x10"^° m) 
point-to-point resolution at a magnification of 680,000x. Examination of micrographs of these 
compositions revealed many lines 6,2 A (6.2x10-^" m) apart and generally not more than 150 A (ISxIO" 
ml in lengtii. It Is well known in the art (see for example R. R. Chianelli, International Reviews in Physical 
Chemistry, (1982), 2(127—165) that such lines with the 6,2 A (6.2x10"'° m) spacings are characteristic of 
iVioSa. MoSa occurs in layers which are seen to be highly disordered and occurnng singly or stacked but in 
the micrograph the degree of stacking is generally not more than eight stacks and usually not more than 
four stacks. The Cr^Sa phase was observed to be completely amorphous. In some cases a small amount of 
crystalline CrjSs phase was detected, but only as a minority phase, less than about 5%. The predominant 
material which is tiie catalytically active composition of the bulk catalyst species of Jacobson et al. is a 
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mixture of (a) microcrystalline MoSg, WSa or mixture thereof, (b) amorphous CraS^ and (c) a sulfide of at 
least one promoter metal. , 

In one method of preparing the supported catalyst species of this mvention, a slurry of precursor 
material is incorporated with a pre-selected quantity of refractory inorganic oxide support material, 
5 preferably a particulate mass of said support, with a resulting composite then dned and the dned, 
particulate, composite then heated in an oxygen-free atmosphere in the presence of sulftir or 
sulfur-bearing compound at elevated temperature to form the catalyst species of this invention. A sufficient 
amount of the precursor salt or salts is composited with the support so that prior to, or at the time that the 
composite of support and precursor material Is heated in the presence of sulfur and ^Vdrogen generaHy 
to from about 1 0 weight percent to about 25 weight percent of the salt, expressed as weight of M0O3 or WOj 
on an ignition loss free basis, will be present on the support The supported catalyst species of this 
invention are highly active and selective as hydrotreating catalysts. « ^ , * 

The catalyst support will typically be a particulate, porous inorganic refractory oxide in the form of 
beads, pills, pellets, sieved particles, extrudates, or the like in dry or soh/ated state whichjs contacted with a 
J 5 slurry of precursor. Altematively, the supported catalysts species of this invention are formed by forming 
the precursor in the presence of a slurry of colloidal or non-colloidal particles of support material. Typical 
support materials include alumina, diatomaceous earth, zeolite, silica, activated cartjon, magriesia, 
zirconia, boria, chromia, titania and the like. A preferred support for the practice of the present invention is 
one having a surface area of more than 50 m^/g, preferably from about 100 to 300 m /g. 

As hereinbefore stated, the catalysts of this invention may be prepared from a composite of inorganic 
refractory metal oxide support nwterial and one or more precursors. The precursors will comprise a 
mixture of (i) a hydrated oxide of trivalent chromium and (ii) a thiometallate salt of the general fonmula 
(ML)(iViOyWi_-S4) wherein iVi is one or more divalent promoter metals selected from (a) Ni, Co, Win, Cu, Zn, 
(b) mixtures thereof and (c) mixtures thereof with Fe, wherein y is any value ranging from 0 to 1 and Us one 
or more neutral, nitrogen-containing ligands at least one of which is a chelating polydentate ligand. The 
total denticity of the ligands used to form the precursor compound will be about six. 

If desired, more molybdenum and/or tungsten sulfide may be incorporated into the precursor, and 
concomitantly the composition of this invention, by also including in the precursor mixture a thiometallate 
salt of the general formula (L'MMOyWi-yS4) wherein y Is as above and L' is the conjugate acid of one or 
30 more ligands, L, with a charge sufficient to balance the dinegative charge of the thiometallate anion. In such 
a case the precursor will comprise a mbcture of (i) a hydrated oxide of trivalent chromium, (ii) a 
thiometallate salt containing the desired divalent promoter metal of the formula (ML)(i^OyWi_yS4) and (Hi) a 
thiometallate salt of the formula (L')(M0yWi-yS4). 

The divalent promoter metal may be a single metal such as Ni in which case the promoter metal 
35 containing thiometallate salt would have the fonnula (NiL)(MOyW,-yS4)< Altemath/ely the promoter metal 
may be a mixture of two or three promoter metals. For the case of two promoter metals, such as NI and Co, 
the thiometallate salt would have the formula 

[(NloCoi-o)L](iViOyWi-^4) 

wherein 0<a<1 , In the case of three promoter metals such as Ni, Co and Fe, the thiometallate salt would 
have the formula of the form 

[(NioCObFee)L](iy/iOyW,-yS4) 
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wherein 0<a, b and c<1 and a+b+c=1. x t^.. ^ • 

Ligand L will be one or more neutral, nitrogen containing ligands wherein at least one of said ligands is 
a multidentate chelating ligand wherein the total denticity of the ligands adds up to six. The ligand chelates 
the divalent promoter metal cation to form a chelated divalent promoter metal cation (iVILl *. Thus, the 
so metal sulfide anion (MOyWi^4)*~ will be ionically bound to the chelated divalent promoter metal cation 
[ML]**. By neutral is meant that the ligand itself does not have a charge. In its conjugate acid form the 
ligand forms a chelating cation (L']** which is ionically bound to the metal sulfide anion. 

Those skilled in the art know that the term "ligand" is used to designate functional coordinating groups 
•which have one or more pairs of electrons available for the formation of coordinate bonds. Ligands that can 
55 form more than one bond with a metal ion are called polydentate while ligands that can form only one 
bond with a metal ion are called monodentate. iVIonodentate ligands are not capable of forming chelates. 
Hence, if one uses one or more species of monodentate ligands in the precursor molecule, then one must 
also use more than one polydentate chelating ligand. Preferably L will be one or more polydentate 
chelating ligands. The total denticity of the ligand species comprising L will be six. Thus, L will be three 
50 bidentate ligands, two tridentate ligands, a mixture of a bidentate and a quadndentate ligand, a 
hexadentate ligand or a mixture of a polydentate ligand with monodentate ligands as long as the 
combination has a total denticity of six. As has heretofore been stated, it is preferred to use chelating 
bidentate and tridentate alkylamine ligands. In general, the ligands useful in this invention include a kyl and 
aryl amines and nitrogen heterocycles. Illustrative but non-limiting examples of ligands useful m the 
65 catalyst precursors of this invention are set forth below. 
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Monodentate ligands will include NH3 as well as allcyl and aryl amines such as «|hylamine, dimet^^^^ 
amineTpSene diamine and nitrogen heterocyclic amines such as pyndme, etc. UseM chelatmg 

DenSne whSesepulchrate (an o^tazacryptate) is Illustrative of a suitab e chelating hexaden^e I gand. 
S a matter it will be preferred to use chelating, polydentate alkyi a-"'"^- "'"Sion fndude 

nJiitinTexSnpl^ of alkyI amines that are useful in the catalyst Precursor of *i8 invention include 

" riSlSHfrta™ »k.t.te t^^^^ chromium compound a«l dlvalOT m«.l »tt .re 

**"°*-?h"e SSpositlons or catalysts of this invention will be prepared by heating a composite of a suitable 
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precursor. Thus, it is preferred that the composition be formed by heating the precursor in the presence of 
sulfur or, preferably, in the presence of a sulfur bearing compound. Mixtures of hydrogen and HaS have 
been found to be particulariy suitable. Preferably the temperature will range between from about 
25(>-60(rC, more preferably from about 250— 500**C and still more preferably from about 300-40(rC. The 

5 oxygen-free environment may be gaseous, liquid or mixture thereof. 

As discussed previously molybdenum and tungsten sulfide catalysts have many uses, including 
hydrotreatlng. Hydrotreating conditions vary considerably depending on the nature of the hydrocarbon 
being hydrogenated, the nature of the impurities or contaminants to be reacted or removed, and, inter alia, 
the extent of conversion desired, if any. In general however, the following Table illustrates typical 

w conditions for hydrotreating a naphtha boiling within a range of from about 25**C to about 210*0, a diesel 
fuel boiling within a range of from about 170**C to 350*0, a heavy gas oil boiling within a range of from 
about 325*0 to about 475*0, a lubricating oil feed boiling within a range of from about 290 to 550*0, or 
residuum containing from about 10 percent to about 50 percent of a material boiling above about 575*0, 
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It should be noted that the compositions of this invention are useful catalysts for lubricating oil refining 
processes where it is desirable to remove oxidation initiating nitrogen compounds from lubricating oil 
feeds* 

The invention will be further understood by reference to the following examples. 


Example 1 

Precursor preparation 

Precursor^^^^ comprising hydrated chromium hydroxide and a nickel promoted thiomolybdate was 

w prepared by dissolving ammonium thiomolybdate into diethylenetriamine (dien) and the resulting daric red 
solution cooled to 0"C in an ice bath. An aqueous solution of a mixture of chromium and nickel chlonde was 
siowiy added, in allquots, to the dark red solution, with agitation after the addition of each aliquot An 
orange precipitate was formed and recovered by vacuum filtration. More specifically, 40 grams of 
(NHJ2M0S4 was added to 82 ml of diethylenetriamine (dien) in a one liter flask. Distilled H2O was used 

J5 twice to wash off any solution remaining on the sides of the flask. The resulting dark red solution was 
cooled to OX in an Ice bath and kept in the bath for the duration of the preparation. In a separate flask 16.52 
grams of CrCIa • 6H2O and 14.77 g of NiCIa • 6H2O were dissolved into a mixture of 250 mi of distilled HgO 
and 25 ml of diethylenetriamine to precipitate the hydrated chromium oxide and to chelate the nickel ion. 
This slurry was allowed to stand for 2—3 hours after which it was slowly added dropwise, to the cold 

20 (NHJoMoSVdien solution with agitation after each addition keeping the flask as cold as possible, which 
resulted in a bright orange precipitate being formed. The resulting precipitate-containing mixture was 
stirred in the ice batii for one half hour after the addition was completed. The ppt was separated out by 
vacuum filtration through a Buchner funnel. The catalyst precursor product was washed with dialled 
water, then with ethanol, and dried under vacuum for 16-24 hrs. Eighty three grams of orange colored 

25 precipitate. Precursor A, were recovered. 


A chromium-nickel thiomolybdate precursor was prepared in a similar manner by dissolving 40 grams 
of ammonium tiiiomolybdate into 82 ml of ethylenediamine in a 1 liter flask which was cooled to (TC in a 
30 wet ice bath, in a separate flask 9.98 grams of NiCIa • 6H2O and 36.72 grams of Cr(N03)3 • 7H2O were 
dissolved In 300 ml of water and 25 ml of ethylenediamine added thereto which resulted m formation of a 
precipitate. The resulting slurry was allowed to stand for 2—3 hours after which it was then slowly added, 
dropwise; to the chilled (NH4)MoS4/en solution, with agitation, which resulted in an orange precipitate. The 
mixture was then stirred in the ice batii for one half hour and recovered as was the precipitate m the other 
35 examples. This product was designated Precursor B. 


Precursor C ^ . . „ u i 

A chromium-cobalt thiomolybdate catalyst precursor was prepared in a similar manner by dissoh^lng 
40 grams of (NH4)a[VloS4 in 82 ml of diethylenetriamine in a one liter flask which formed a dartc red solution. 
40 The sides of the flask were washed witii distilled water and the flask cooled to OX in a wet Ice bath and kept 
in the bath for the duration of the experiment In a separate flask a mbcture of 16.52 grams of CrCIa • 6H2O 
and 14.78 grams of C0CI2 • 6H2O were dissoh/ed in 250 ml of distilled water. To this solution was added 25 
ml of dien to form a precipitate. The resulting slurry was allowed to stand for 2—3 hours and then slowly 
added (dropwise) to the (NH4)2MoS4/dien.solution with agitation, which formed a bright orange precipitate. 
45 The resulting precipitate/solution was stirred in the ice batii for a half hour after the reaction was 

^"^Th^^edpitate was then separated by vacuum filtration and washed with water and ethanol and then 
dried under vacuum. Eighty-three grams of orange colored solid. Precursor C, were recovered. 

50 Precursor D ' ^ a n 

Another chromium-nickel thiomolybdate catalyst precursor was prepared as follows: 
An aqueous suspension of colloidal chromia, 163.1 g, containing 22 wt% CrjOa, was dispersed in 400 
cm® of water, and placed in a 2000 cm' flask. With constant agitation, a solution of 14 g NiCIa • eHjO and 
34 6 g of ethylenediamine In 75 cm' of water was added to the flask dropwise via a separatory funnel. A 
55 purple gel formed, to which a solution of 15.4 g (NH4)2MoS4 in 100 cm' water and 50 cc ethylenediamine 
was slowly added, dropwise with constant agitation. An orange-red precipitate was formed, chararteristic 
of Ni(en)3MoS4. The resultant precipitate was recovered by vacuum filtration through a Buchner funnel, 
dried under vacuum at 60°C, producing Precursor D. 

60 Precursor E . » « * « n 

A chromium-nickel thiotungstate catalyst precursor was prepared in a manner similar to Precursor D 

except for the following change: ♦.^-.oc 

The amount of colloidal chromia suspension was 147.6 g; tiie nickel solution contained 12.6 g 
NiCl2-6H20 and the precipitating solution consisted of 18.5 g (NHJzWSa in 100 cm' water and 50 cm' 
65 ethylenediamine. This procedure formed Precursor E. 
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^r^e fSoS were pelletized using a 4% aqueous solution of polyvinyl alcohol as a binder. Eadj 
peilrtSd precursor' was loaded into a stainless steel reactor and purged for one hour ""der mtroge^^^^^ 
iSo? and atmospheric pressure. Ten percent of hydrogen sulfide n hydrogen ^^^^^^J^^ ^ 

s reactor at a rate of 0.75 SCF/hr (21.2 l/hr) for each 10 cm' of catalyst in the reartor. TT^^ J^X^f^m^i^tSn 
4ctor was then raised to 325-0 and held at thistemperature forthree hours tofo^^^^^ 
of this invention after which the temperature in the reactor was 'owered to 00 C the H|S^1 Sas flow was 
stoDoed and the reactor was purged witi> nitrogen and allowed to cool to room temperature. 
'^ElemeSil aLlySs of the catalysts or compositions of this invention formed by sulfiding Precursor A 

70 described above are set forth below in wt %. 

Precursor Cr Mo Ni S C H N 


75 


A: 10.34 24.51 12.45 31 .93 6.81 1 .26 0.1 1 

The catalyst based on Precursor A had been run on oil in a reactor for three days prior to analysis. 

"^^^out'2oT^^^ catalyst was loaded into a fixed-bed reactor. Hydrotreating was carried out at the 
20 conditions set forth below: 

Temperature 325''C 
Pressure 3.15 MPa 

Hydrogen rate 3000 SCF/bbI (534.2 I/I) . 

LHSV 3.0, 4.0 V/V/hr. 


25 


Liquid product was analyzed for total sulfur by X-ray fluorescence and ^^^"[^SJf^jY^^^^^^ 
analysis. The feedstock used was a light catalytic cycle oil (tCCO) that was about 20 wt %,paraffinic having 
nominal properties set forth in Table 1. 

'''X'Tllo^^^^^ the results obtained from the catalyst compositions of tjis mvent^^^^^ 

compared to results obtained from a commercial hydrotreating catalyst compnsing nickel molybdate on 
catalyst contained 18 percent molybdenum oxide and 3.5 percent nickel oxide supported o^ 
Jamma alumina. The commercial catalyst was sulfided employingthe same procedure used to form the 
catalvsts of this invention, except that the temperature was 360X for one hour. . _ x*u. 

resu te^^^^ are shown In Tables 2 through 6 and show that the cata ysts of this 

InventionT^^^^ useful hydrotreating catalysts but have higher selectivity for hydroden.trogenation 
than the commercial nickel molybdate on alumina catalyst 

TABLE 1 
LCCO Feed 

Gravity rAPI) 18.6 
Sulfur, wt % 1.4 
Nitrogen, ppm 292 

GC Distillation 

Wt. % Temp. 

5 231 

10 251 

50 293 

70 321 

90 352 

95 364 
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TABLE 2 

Hydrotreatmg activity for commercial nickel molybdate on alumina* 
Catalyst hours 

5 on stream % H PS % HDN 

49 80.0 32.3 

71 80.8 38.6 

75 80.0 37.6 

w 

* LHSV 3.0. 

TABLE 3 

Hydrotreating activity for catalyst prepared from cliromium-niclcel thiomolybdate Precursor B prepared 
jg with ethylenedlamine* 

Catalyst hours 

on stream % HDS % HDN 

20 39 79.2 89.1 

57 82.5 91.6 

62 82.5 93.2 


♦ LHSV 40. 

TABLE 4 

Hydrotreating activity of catalyst prepared from cobalt-chromium thiomolybdate Precursor C* 

Catalyst hours 
on stream % HDS % HDN 


42 70.8 34.6 

46 80.6 35.5 

65 72.7 34.3 

55 

♦ LHSV 4.0. 

TABLE 5 

Hydrotreating activity for catalyst prepared from a nickel-chromium thiomolybdate Precursor D* 

40 

Catalyst hours 

on stream % HDS % HDN 


44 51 50.9 

45 

♦ LHSV 3.0. 

TABLE 6 

Hydrotreatmg activity for catalyst prepared from nickel-chromium thiotungstate Precursor E* 

60 

Catalyst hours 
on stream % HDS % HDN 


55 


60 


65 


48 61.7 58.8 

* LHSV 3.0. 

^^Trthis experiment, a manganese promoted chromium molybdenum catalyst supported on CraOg was 
prepared. Here, 80.7 g of colloidal chromia suspension, containing 22 wL % CrjOa (Nyacol) was diluted to 
400 ml, and a solution of 5.1 g MnS04 • H2O in 50 ml deionized water added to it, with stirring. Dropwise 
addition of a solution of 2.6 g (NH4)MoS4 in 100 ml water and 25 ml ethylene diamine to the resultant gel, 
resulted in the formation of the precursor on the surface of the chromia and concomitant precipitation of 
the composite of precursor and chromia support, which was separated by filtration, washing and drying. 
Analysis of the dry composite revealed a CraOs content of over 60 wt %. 


10 


EP 0 183 353 B1 

Pelletizing and sulfiding of the resultant solid yielded a catalyst which, upon *«8|;"9 ^"Jf J^^^^^ 
period of 46 h rs at an LHSV of 3.&-4.5 produced a K„Da (2nd order) of 2.1 and a Khon of the same value. The 
relative HDN vs. HDS reactivity is therefore close to unity. 

5 ^aiJP^ 3 ^ejj molybdenum catalyst supported on silica was prepared, in the absence of 

colloTdrc^^Lium oxide, emplo^ng a procedure similar to that of Example ^ ^ 
SiO, (34%) was added to a large three neck flasic and diluted to 400 ml with deiomzed water. To this was 
fSei a soMton of 2 m, of h/o« and 5.75 grams of MnSO^ • H,0 in 50 ml of H,0. A separate solujon w^ 

w Sde Jr dissolving 8.8 gramlof (NH4)2MoS4 in a mixture of 100 ml of water and 25 ml of ethylenediamme. 
TOrsKon wis added dropwise, with vigorous stirring, to the large flask containing the manganese 
sulfate and colloidal silica. An orange precipitate resulted The resulting solids. 33 J5 grarns, were w^^^ 
with H,0 and dried at 50-0 in a vacuum oven Analysis of the ^lids revealed an S1O2 corrtert of ^ 24% 
Pelletizing and sulfiding of the dry solid yielded a catalyst having a Khos of only 0.65. There was 

IS essentially no hydrodenitrogenation activity. 

A 34 it. % suspension of colloidal silica, 147 g, was diluted with 100 g of distilled water. A solution of 
26 4 0 of Cr(NO,)s • 9H,0 in 35 g of distilled water was added to this colloidal suspension. A solution of 25.8 
20 g of (NH4),MoS4 in 100 ml ethylenediamine was added dropwise to the silica suspension with constent 
Lrta ton, and the stirring continued for 20-30 minutes after all the en solution had been added. A 
XiSe fomied which was filtered and dried in a vacuum oven at 50-C. sulfided as in Example 1 and 
rescreened to 20/40 mesh (0.84/0.42 mm). 

2B 3fj;ff/3^«,^„ ^„^i«,„3 ^ere employed as In Example 1. The results shown in Table 7 were 

obtained. 


30 


35 


40 


TABLE 7 

Hydrotreating with supported catalyst 

Run length, hrs % HDS % HON 

48 363 35.3 

69 32.1 24.9 

140 33.3 25.4 


While the desulf urization level is much lower than that achieved witii a "^^l^^f^'^^^^^lfl^^l^ 
2 Example 1) the denitrogenation obtained with this supported catalyst is about the same order as 
c;,mS?rSial material. Thii shows that the ratio of HDIWDS activity of the supported catalyst of this 
invention is higher than that of commercial catalyst 


Claims 

1 Acomposition of matter comprising a catalyst which comprises a supported mixture of a sulphide of 
(i) trivaYentThmrSSm?(ii) molybdenum, ^ngsten or a mixture thereof and (iii) at least o^^^^'^"^ 
seSd from (a) Ni, Co, Mn, Cu, 2n, (b) a mixture thereof and (c) a mixture thereof with Fe, cata V« 
TtSed S ciriposWng a preselected quantity of support material with a Ijydrated oxide of trivatem 
Smium anyone or more precursor salts containing a thiometallate anion of Mo, W or mi^uro there^ 
andTratTon containing at least one of said promoter metals wherein said promoter metal in said cation is 
divaleSanS chXed by at least one neutral, nitrogen-containing polytientate ligand and he«tng saW 
Sposite at an elevated temperature, in the presence of sulphur and under oxygen-free conditions for a 

1 Which contains at least two promoter metals, one O^hich is Fe. 
3 A imposition according to either of claims 1 and 2 formed in the presence of excess sulphun 
4: A c^rlTposSon according to any one of the preceding claims wherein said elevated temperature is at 

'"^^A^mposition according to any one of the preceding claims wherein said support material 

.0 --P^- a supported catalyst prepared by heating at el^jed 
temp;ratuS of at least 150»C. in the presence of sulphur and under oxygen;free conditions, a composrt^^^^ 
su3rt material and one or more precursors comprising a mixture of (i) a hydrated oxide of trivalent 
cSSm t! ( i) a th?ometallate salt of the general formula (ML)(Mo,W,-,S4) wherein M is one or more 

65 5S!?romote ltal8selectedfrom(a)Ni,Co.M 


SO 
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with Fe, wherein y is any value ranging from 0 to 1 and wherein L is one or more neutral, 
nitrogen-containing ligands at least one of which is a chelating polydentate ligand. 

7. A composition according to claim 6 formed in the presence of excess sulphur in the form of a 
sulphur-bearing compound. 

8. A composition according to either of claims 6 and 7 wherein the ligand L is selected from alicyl 
amines, aryl amines, nitrogen heterocycles and mixtures thereof. 

9. A composition according to any one of claims 6 to 8, wherein said support material comprises one or 
more inorganic refractory o>ddes* . ., , . 

10. A composition according to any one of claims 6 to 9 wherein the ligand L compnses an alkyl amme. 

11. A composition according to any one of claims 6 to 10 wherein said non-oxidising atmosphere 
comprises a mixture of Ha and H2S. 

12. A hydroprocessing process comprising contacting a hydrocarbon feed at a temperature of at least 
100°C and in the presence of hydrogen, with a catalyst comprising a composition according to any one of 
the preceding claims, said contacting occuning for a time sufficient to hydroprocess at least a portion of 
said feed. 

13. A process according to claim 12 wherein at least a portion of said feed Is upgraded. 

14. A process according to claim 13 wherein said upgrading comprises hydrotreating, 

15. A process for removing nitrogen from a nitrogen-containing hydrocarbon feed which comprises 
contacting said feed at an elevated temperature of at least 150°C and in the presence of hydrogen with a 
catalyst comprising a composition according to any one of claims 1 to 11, and wherein said feed Is 
contacted with said catalyst for a time sufficient to remove at least a portion of said nitrogen from said feed. 

16. A process according to claim 15 wherein the feed is a lubricating oil feed containing nitrogen and 
sulphur and wherein the oxidation stability of said feed is improved. 

17. A process according to any one of claims 12 to 15 wherein said feed comprises a lubricating oil 
feed. 

PateiraSanspir^cDie 

1. Zusammensetzung, die einen Katalysator umfaSt, der eine auf einen Trager aufgebrachte f^ischung 
aus einem Sulfid des (i) dreiwertigen Chroms, |il) des MolybdSns, Wolframs Oder einer l\/iischung 
derselben und (iii) mindestens eines Promotomnetalls ausgewShIt aus (a) Ni, Co, Mn, Cu, Zn (b) einer 
Mischung derselben und (c) einer IViischung derselben mit Fe enthSIt, wobet der Katalysator durch 
Zusammenbringen einer vorbestimmten Menge Tragermaterial mIt einem hydratisierten Oxid des 
dreiwertigen Chroms und einem Oder mehreren Voriaufersalzen, die ein Thiometallatanion von Mo, W 
Oder einer Mischung derselben und ein Kation enthatten, das mindestens eines der Promotormetalle 
enthalt, wobei das Promotormetall in dem Kation zweiwertig und durch mindestens einen neutralen 
stickstoffhaltigen mehrzahnigen Liganden chelatisiert ist, und fur die Bildung des Katalysators ausreichend 
langes Erwarmen des Verbundmaterials auf eine erhdhte Temperatur in Gegenwart von Schwefel und 
unter sauerstofffreien Bedingungen erhalten worden ist 

2. Zusammensetzung nach Anspruch 1, die mindestens zwei Promotormetalle enthalt, von denen eines 
Fe ist 

3. Zusammensetzung nach Anspruch 1 oder 2, die in Gegenwart von uberschOssigem Schwefel 
gebildet worden ist 

4. Zusammensetzung nach einem der vorangehenden AnsprQche, wobei die erhdhte Temperatur 
mindestens 150° Ist , 

5. Zusammensetzung nach einem der vorangehenden Ansprflche, in der das Tragermatenal ein 
hitzebestandiges anorganisches Oxid umfa&t 

6. Zusammensetzung, die einen TrSgerkatalysator umfaSt, der durch ErwSrmen eines 
Verbundmaterials aus Tragermaterial und einem oder mehreren VoriSufern, die eine Mischung aus (i) 
einem hydratisierten Oxid des dreiwertigen Chroms und (ii) einem Thiometallatsalz der allgemeinen 
Formel (MLXMOyWi-ySJ umfassen, in der M ein oder mehrere zweiwertige Promotormetalle ausgewahit 
aus (a) Ni, Co, Mn, Cu, Zn, (b) einer Mischung derselben und (c) einer Mischung derselben mit Fe bedeutet, 
y ein Wert im Bereich von 0 bis 1 ist und L ein oder mehrere neutrale sticlcstoffhaltigen Liganden bedeutet, 
von denen mindestens einer ein chelatisierender mehrzShniger Ligand 1st, auf eine erhdhte Temperatur 
von mindestens 150X in der Gegenwart von Schwfel und unter sauerstofffreien Bedingungen hergestellt 

worden ist ,^ 1. * . , e 

7. Zusammensetzung nach Anspruch 6, die in der Gegenwart von QberschQsslgem Schwefel In Form 
einer schwefeltragenden Verbindung gebildet worden ist 

8. Zusammensetzung nach Anspruch 6 oder 7, in der der Ligand L aus Alkyiaminen, Arylaminen, 
Stickstoffheterocyclen und der Mischungen ausgewihlt Ist 

9. Zusammensetzung nach einem der AnsprOche 6 bis 8, in der das Trigermaterial ein oder mehrere 
hitzebestindige anorganische Oxide umfaUt 

10. Zusammensetzung nach einem der AnsprQche 6 bis 9, in der der Ugand L ein Alkylamln umfal&t 

11. Zusammensetzung nach einem der AnsprOche 6 bis 10, in der die nichtoxydlerende Atmosphere 
eine Mischung aus Ha und HjS umfaBt 
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12. Wasserstoffbehandlungsverfahren, bei dem ein Kohlenwasserstoffeinsatzmaterial 
Temperatur von mindestens 100-C und in Gegenwart von Wasserstoff mrt «'"r,KattlV^tor tojaklie^^ 
wird. der eine Zusammensetzung nach einem der vorangehenden Anspruche entMIt woto das 
Kontaktieren ausreichend lange erfolgt. urn mindestens emen Tail des Emsatzmatenals zu 

*'^*^T3''vSSlfren nach Anspruch 12. bei dem mindestens ein Teil des Einsatzmaterials veredelt wfrd. 
4 VeShSn nacli Anspruch 13, bei dem die Veredelung die Behandlung mit Wasserstoff umfaUt 
]t vSShleS Sf Entfemung von Stickstoff aus einem stickstoffhaltigen Kohtenwasse-^offeins^^^^ 
material, bei dem das Einsatzmaterial bei einer erh6hten Temperatur von mindestens ISO^^C und In 
Geaer^wart von Wasserstoff mit einem Katalysator kontaktiert wird, der eine Zusammenseteung nach 
einfmT?/SprQche 1 bis 11 enthalt, und das Einsatzmaterial mit dem Kataiysator ausreichend lange 
kontaktiert wird, urn mindestens elnen Teil des Stiokstoffs aus dem Emsatzmatenai zu entfernen. 

TvJrfXen nach Anspruch 15, bei dem das Einsatzmaterial ein Schmier6 e nsatzmatenal .8^. das 
Stickstoff und Schwefel enthalt, und die Oxydatlonsstabilitat ^es Emaatematenals verbe^ert w^^^^^ 

17. Verfahren nach einem der Ansprflche 12 bis 15. bei dem das Emsatzmatenai em Schmierolemsatz- 
material umfaBt 


Revendieations 


1. Composition de matiSre comprenant un catalysaur qui comprend un melange. /"ppo"' 
sulfure (i) de chrome trivaient. Ill) de molybddne. detungstfine ou d'un de leurs mdlangM., « « > j""'"' 
un m6ta promoteur choisi parmi (a) Ni. Co. Mn, Cu, Zn. b) un de ";"f'«"9^| J^'^^^^ 
melanges avec Fe, ledit catalyseur 6tant obtenu en combinant une quantitfi. choisie P^a^bte, de 
ma iirl de support avec un oxyde hydrate de chrome trivaient et un ou plusieurs seis Prtcureeure 
untenant un anion thiomftallate de Mo. W ou un de leurs melanges et un 

Sts m6taux promoteurs, ledIt m6tal promoteur present dans ledit cation 6tant ^'valerrt 6tent ch6lat6 
oar au moins un ligand polydent6 neutre. contenant de i'azote, et en chauffant ce compMite h une 
temp6rarrL Jlevie, en presence de souf re et dans des conditions d'absence d'oxyg^ne, pendant un temps 

'""'rS^lpi^itr^loS'a ^Son 1. qui contient au moins deux m^taux promoteurs. dont i'un est 

3. Composition salon i'une ou I'autre des revendications 1 et 2. form6e en presence d'un excds de 

^"^r Composition selon i'une queiconque des revendications prdcedentes. pour laquelle ladits 
temperature 6\m6e est au moins 6gale h 150°C. „ , ^i*^ .«»«a,= 

6. Composition selon I'une queiconque des revendications pr6c6dentes. dans laquelle ladite matidre 
de support comprend un oxyde rdfractalre mineral. . >u-.rf»— « & ..na 

6. Composition de matifere comprenant un catalyseur sur support, prtpar6 l^r chairffage i une 
temperature 6levde. d'au moins 150'C, en presence de soufre et dans des conditions d "b^nce d ojQ^gftne 
d'un composite form6 d'une matl^re de support et d'un ou plusieurs pr^curseurs comprenant (i) d un 
o,ide hyZ? de chrome trivaient et (ii) d'un set qui est un thiomtoilate de fortnu^a g^^^^^^ 
(ML)|fVl0vW,^4), dans laquelle M reprfeente un ou plusieurs m6taux promoteurs divalerrts. chois^ parmi 
S f^^^ S mTTcu. Zn. lb) un de leurs melanges, et (c) un de leurs melanges avec Fe, y a n'importe quelle 
valeur dS oTi et il reprlSente un ou plusieure ligands neutre{s), contenant de I'azote et dont i'un au moms 

"7"cSosWo*Sn'i??^^^^^^^^^^ 6. fom^^e en presence d'un exc^ de soufre sous la fomie d'un 

^TctmpSSrsJlin' I^S' ou I'autre des revendications 6 et 7, dans laquelle le ligand L est choisi 
parmi les alkyi amines, les aryl amines, les hit^rocycles azotSs et leurs melanges. 

9. Composition selon i'une queiconque des revendications 6 i 8, dans laquelle ladite matidre de 
support comprend un ou plusieurs oxydes rdfractalres min^raux. „„„„«„h 

10 Composition selon I'une queiconque des revendications 6 d 9, dans laquelle le ligand L comprend 

nl^CorpS'tion selon I'une queiconque des revendications 6 h 10. dans laquelle ladite atmosph6re 

non-oxydante comprend un m6lange de H, et de HgS. A„„,«H'fl.. mnin.; ioo»C at 

12 Proc6d6 d'hydrotraitement comprenant la mise en contact, b une temp6rature d au moins 100%: et 
en or^sence d'hydrog6ne, d'une charge d'hydrocarbures avec un catalyseur comprenant une composition 
sSlSn rSSrquelconque des revendications pr6c6dentes, ladite mise en contact se produisant pendant un 
temos suffisant pour hydrotraiter au moins une partie de ladite alimentation. . ^ 

^3. Procld6 Selon la revendlcation 12. dans lequel au moins une partie de ladite alimentation est 

'■"^iJl^oJddlSfn^ revendlcation 13. dans lequel ladite amelioration comprend un hydrotraitement 

•*"'T?l6d6 pSu? enlt;?; I'azote d'une charge d'hydrocarbures contenant de I'azote. qui comprend la 
mise de cette chargef i une temp6rature 6lev6e. au moins dgale i 150-C et en op6rant en presence 
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d'hvdrog^ne, en contact avec un catalyseur comprenant una composition salon I'une quelconque das 
revendications 1 S 11, at dans lequel ladite charge est mise en contact avec ledit catalyseur pendant un 
temos sufflsant pour enlever au moins una partie dudit azote de ladite charge d alimentation. 

16 Proc6de selon la revendication 15, dans lequel la charge d'alimentation est une huile lubnfiante 
contenant de I'azote at du souf re, et dans lequel la stabilit6 h I'oxydatlon de ladite charge d alimentation est 

amelliorde.^^^^^ selon I'une quelconque des revendications 12 S 15, dans lequel ladite charge 
d'alimentation comprend une charge pour production d'une huile lubnfiante. 


70 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


14 


